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RELAY METHOD, AND RELAY APPARATUS
IN WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2009-

2135127 filed on Sep. 17, 2009, the entire contents of which
are incorporated herein by reference.

FIELD

The present invention relates to a wireless communication
system 1ncluding a plurality of relay stations which commu-
nicate with the other relay stations and wireless terminals.

BACKGROUND

Multicast and broadcast service in IEEE802.167 standard
defines a relay method of multicast data 1n a system including
relay stations arranged between a base station and wireless
terminals. The base station recerves multicast data via a wired
network, and then wirelessly transmits the multicast data to
the relay station controlled thereby. The base station and the
relay stations work on the same frequency, and broadcasts the
data to the wireless terminals thereof.

Wireless ad-hoc networks where data 1s wirelessly relayed
for communications without wired line have been recently
studied. FIG. 14 illustrates a wireless ad-hoc network 1n a
related art. The network 1 FIG. 14 includes relay stations
101-103 and wireless terminals 111-114. Each of the relay
stations 101-103 relays data transmitted by one of the wire-
less terminals 111-114 and then transmits the data to another
of the wireless terminals 111-114. If the wireless terminal 114
transmits data to the wireless terminal 111, the relay stations
101 and 103 relay the data of the wireless terminal 114, and
then wirelessly transmit the data to the wireless terminal 111.
There are cases where the wireless terminals 111-114 them-
selves relay data.

It the IEEE802.167 standard (IEEE Std 802.16-2009) 1s
applied to multicast communication in the wireless ad-hoc
network, all the relay stations 101-103 can broadcast data to
the wireless terminals 111-114 on the same frequency. For
example, the relay station 101 may perform an operation
corresponding to a base station complying with IEEER02.167,
thereby scheduling the multicast data. The wireless terminal
114 may serve as a terminal transmitting the multicast data.

Upon recerving the multicast data from the wireless termi-
nal 114, therelay station 101 performs a scheduling operation
such that the multicast data 1s broadcasted by the relay sta-
tions 101-103 on the same frequency. The relay station 101
transmits scheduling information and the data of the wireless
terminal 114 to the other relay stations 102 and 103. The relay
station 101 broadcasts the multicast data to the wireless ter-
minals 113 and 114, controlled thereby, on the same fre-
quency 1n accordance with the scheduling information gen-
crated by the relay station 101. The relay stations 102 and 103
broadcast the multicast data to the wireless terminals 111 and
112 respectively controlled thereby, on the same frequency 1n
accordance with the scheduling information received from
the relay station 101. In this way, the efficient use of wireless
resources 1s improved, and reception quality of each of the
wireless terminals 111-114 1s thus improved.

Japanese Laid-open Patent Publication No. 2008-177969
describes an orthogonal frequency division multiple access
(OFDMA) wireless system that autonomously performs
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2

interference free wireless relaying. Japanese Laid-open
Patent Publication No. 2007-184935 describes an apparatus
that relays transparently a signal 1n a multi-hop relay cellular
network.

SUMMARY

According to an aspect of the mvention, a relay station
performing wireless communications with a plurality of other
relay stations and at least one wireless terminal, the relay
station including: a scheduler, when at least one of the relay
station and the other relay stations receives data from a wire-
less terminal controlled thereby, generating a first map such
that the data 1s exchanged among the relay station and the
other relay stations during a first period, and generating a
second map such that the data as recerved during the first
period 1s transmitted to the controlled wireless terminal dur-
ing a second period.

The object and advantages of the invention will be realized
and attained by at least the elements, features, and combina-
tions particularly pointed out 1n the claims. It 1s to be under-
stood that both the foregoing general description and the
tollowing detailed description are exemplary and explanatory
and are not restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a frame structure of relay stations accord-
ing to a first embodiment;

FI1G. 2 1llustrates a wireless network according to a second
embodiment;

FIG. 3 1llustrates a frame structure of a relay station serving,
as a base station;

FIG. 4 1llustrates a frame structure of a relay station other
than the relay station serving as a base station;

FIG. 5 1s a sequence chart 1n accordance with which the
relay station recerves multicast data from a wireless terminal;

FIG. 6 1s a sequence chart 1n accordance with which the
multicast data 1s broadcasted among relay stations;

FIG. 7 1s a sequence chart 1n accordance with which the
relay station broadcasts the multicast data to wireless termi-
nals:

FIG. 8 1llustrates how a DL/UL map 1s generated;

FIG. 9 1llustrates a flow of frames among the relay station
and the wireless terminals;

FIG. 101s a block diagram illustrating a relay station of the
second embodiment;

FIG. 11 illustrates a frame structure of a relay station
serving as a base station according to a third embodiment;

FIG. 12 illustrates a frame structure of a relay station other
than the relay station serving as a base station;

FIG. 13 1s a block diagram illustrating a relay station
according to the third embodiment; and

FIG. 14 1llustrates a wireless ad-hoc network.

DESCRIPTION OF EMBODIMENTS

In the figures, dimensions and/or proportions may be exag-
gerated for clarity of illustration. It will also be understood
that when an element 1s referred to as being “between” two
clements, it may be the only element layer between the two
clements, or one or more mtervening elements may also be
present.

A wireless ad-hoc network has a problem that wireless
resources are not used 1n an efficient manner 1n multicast
communications.
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For example, the wireless terminal 112 may now transmit
multicast data as 1llustrated 1n FIG. 14. The multicast data of
the wireless terminal 112 1s transmitted to the relay station
101, serving as a base station, via the relay station 102.

Upon receiving the multicast data via the relay station 102,
the relay station 101 performs a scheduling operation such
that the multicast data 1s broadcast from the relay stations
101-103 and transmits scheduling information and the mul-
ticast data to the remaining relay stations 102 and 103.

Although the relay station 102 has received the multicast
data from the wireless terminal 112, the relay station 102
receives again the multicast data from the relay station 101.
More specifically, the relay station 102 recetves the multicast
data from the wireless terminal 112, transmits the same mul-
ticast data to the relay station 101, and then receives the same
multicast data from the relay station 101. This wireless com-
munication wastes wireless resources.

The technique discussed herein has been developed in view
of the above problem, and 1t 1s an object of the technique to
provide a relay station that effectively uses wireless
resources.

A first embodiment 1s described below with reference to
the drawings.

FI1G. 1 1llustrates a frame structure of relay stations of a first
embodiment. FIG. 1 1llustrates frames of a relay station RS1,
other relay stations RS2 and RS3, and wireless terminals
MS1-MS3. The relay station RS1 and the other relay stations
RS2 and RS3 are installed at locations that allow these relay
stations to communicate with each other. The wireless termi-
nal MS1 1s under the control of the relay station RS1, and can
communicate with the relay station RS1. The wireless termi-
nal MS2 1s under the control of the relay station RS2, and can
communicate with the relay station RS2. The wireless termi-
nal MS3 1s under the control of the relay station RS3, and can
communicate with the relay station RS3. The label Tx indi-
cates that the relay station RS1-RS3 and the wireless termi-
nals MS1-MS3 transmit data, and the label Rx indicates that
the relay station RS1-RS3 and the wireless terminals MS1-
MS3 recerve data.

The relay station RS1 includes a scheduler. It at least one of
the relay stations RS1, RS2, and RS3 receives data from the
wireless terminals MS1-MS3 controlled by the relay stations
RS1-RS3, the scheduler 1n the relay station RS1 generates a
first map such that the relay station RS1 and the other relay
stations RS2 and RS3 transmit the recetved data to each other
during a first period. The scheduler generates a second map
such that the relay station RS1 transmits the data, received
during the first period, to the wireless terminal MS1 con-
trolled by the relay station RS1 during a second period.

The other relay stations RS2 and RS3 include schedulers.
The schedulers 1 the other relay stations RS2 and RS3
receive from the relay station RS1 the first map generated by
the relay station RS1. During the second period, the scheduler
in the other relay stations RS2 and RS3 generates the second
map such that the data received during the first period 1s
transmitted to the wireless terminals MS2 and MS3.

The relay station RS1 and the other relay stations RS2 and
RS3 may respectively recerve the multicast data from the
wireless terminals MS1-MS3. The scheduler in the relay sta-
tion RS1 generates the first map such that the relay station
RS1 and the other relay stations RS2 and RS3 transmit the
received multicast data from the wireless terminals MS1-
MS3 to each other during the first period. The scheduler in the
relay station RS1 1s not illustrated 1n FIG. 1. The scheduler in
the relay station RS1 generates the first map 1n response to a
request made by one of the other relay stations RS2 and RS3
that the multicast data be transmitted by the one of the other
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relay stations RS2 and RS3 or 1n response to a reception by
the relay station RS1 of the multicast data from the wireless
terminal MS1 controlled by the relay station RS1, although
the request and the reception are not 1llustrated in FIG. 1.

The first map generated by the relay station RS1 1s trans-
mitted to the other relay stations RS2 and RS3, and the other
relay stations RS2 and RS3 receive the first map as illustrated
in FIG. 1. The relay station RS1 and the other relay stations
RS2 and RS3 thus exchange with each other the multicast
data received from the respective wireless terminals MS1-
MS3 1n accordance with the first map.

For example, the relay station RS1 transmits the multicast
data received from the wireless terminal MS1 controlled by
the relay station RS1 to the other relay stations RS2 and RS3
during an MS1 data segment of the first period as 1llustrated 1n
FIG. 1. The relay station RS2 transmits the multicast data
received from the wireless terminal MS2 controlled by the
relay station RS2 to the other relay stations RS1 and RS3
during an MS2 data segment of the first period. The relay
station RS3 transmits the multicast data received from the
wireless terminal MS3 controlled by the relay station RS3 to
the other relay stations RS1 and RS2 during an MS3 data
segment of the first period as illustrated in FIG. 1.

When one of the relay station RS1 and the other relay
stations RS2 and RS3 receives the multicast data from the
corresponding one of the wireless terminals MS1-MS3 con-
trolled by the relay stations RS1-RS3, the scheduler in the
relay station RS1 generates the first map such that the one of
the relay station RS1 and the other relay stations RS2 and RS3
having received the multicast data transmits the multicast
data to the others of the relay station RS1 and the other relay
stations RS2 and RS3.

The schedulers 1n the relay station RS1 and the other relay
stations RS2 and RS3 generate the second map such that the
relay station RS1 and the other relay stations RS2 and RS3
transmit the multicast data, received during the first period,
respectively to the wireless terminals MS1-MS3 during a
second period. The scheduler in the relay station RS1 gener-
ates the second map in response to the first map generated by
the scheduler in the relay station RS1 and the schedulers in the
other relay stations RS2 and RS3 generate the second map 1n
response to the first map recerved from the relay station RS1,
such that the relay station RS1 and the other relay stations
RS2 and RS3 transmit the multicast data of the wireless
terminals MS1-MS3 to the wireless terminals MS1-MS3 at
substantially the same timing on the same frequency 1in the
sequential order of the wireless terminals MS1-MS3.

As 1llustrated i FIG. 1, for example, the schedulers 1n the
relay station RS1 and the other relay stations RS2 and RS3
generate the second map such that the multicast data of the
wireless terminal MS1 1s transmitted first on the same fre-
quency at substantially the same timing to the controlled
wireless terminals MS1-MS3. The schedulers in the relay
station RS1 and the other relay stations RS2 and RS3 generate
the second map such that the multicast data of the wireless
terminal MS2 1s transmitted on the same frequency at sub-
stantially the same timing to the controlled wireless terminals
MS1-MS3 1n succession to the transmission of the multicast
data of the wireless terminal MS1. The schedulers in the relay
station RS1 and the other relay stations RS2 and RS3 generate
the second map such that the multicast data of the wireless
terminal MS3 1s transmitted at on the same frequency the
same timing to the controlled wireless terminals MS1-MS3 1n
succession to the transmission of the multicast data of the
wireless terminal MS3.

In response to the second map generated, the relay station
RS1 and the other relay stations RS2 and RS3 transmit the
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multicast data, mutually transmitted, to the wireless terminals
MS1-MS3. The controlled wireless terminals MS1-MS3
receive the multicast data 1n accordance with the second map
transmitted from the relay station RS1 and the other relay
stations RS2 and RS3, respectively.

The relay station RS1 and the other relay stations RS2 and
RS3 exchange with each other the data recerved from the
wireless terminals MS1-MS3 controlled during the first
period, and then transmit the data, recerved during the first
period, to the wireless terminals MS1-MS3 controlled during,
the second period. The other relay stations RS2 and RS3 1s
free from transmitting to and then receiving from the relay
station serving as a base station, the data received from the
controlled wireless terminals MS2 and MS3. Wireless
resources are thus etliciently used.

A second embodiment 1s described 1n detail below with
reference to the drawings.

FI1G. 2 1llustrates a wireless network of the second embodi-
ment. FIG. 2 illustrates relay stations 11-13 and wireless
terminals 21-24. The relay stations 11-13 and the wireless
terminals 21-24 form a wireless ad-hoc network. The relay
station 11-13 are installed at locations that allow these relay
stations to communicate with each other. The wireless termi-
nal 21 1s under the control of the relay station 13, and can
communicate with the relay station 13. The wireless terminal
22 1s under the control of the relay station 12, and may
communicate with the relay station 12. The wireless termi-
nals 23 and 24 are under the control of the relay station 11, and
may communicate with the relay station 11. The wireless
terminals 21-24 are cellular phones, for example.

In the wireless network of FIG. 2, one of the relay stations
11-13 1s selected as a base station that schedules the trans-
mission and reception of the multicast data among the relay
stations 11-13. The relay station serving as the base station
may be pre-selected by a user or by the relay stations 11-13
that communicate each other. The following discussion 1s
based on the premise that the relay station 11 1s selected as a
relay station serving as a base station.

FIG. 3 illustrates an OFDMA frame structure of a relay
station serving as a base station. As 1llustrated 1n FIG. 3, a
frame of the relay station 11 serving as the base station
includes a relay link and an access link. In FIG. 3, the hori-
zontal axis represents time while the vertical axis represents
frequency.

Through the relay link, the relay station 11 performs wire-
less communications with the relay stations 12 and 13.
Through a downlink of the access link, the relay station 11
transmits data or broadcasts the multicast data to the wireless
terminals 23 and 24. Through the uplink of the access link, the
relay station 11 recerves data transmitted from the wireless
terminals 23 and 24.

A relay preamble of the relay link indicates a segment
through which a signal for establishing synchronization
among the relay stations 11-13 1s transmitted. The label Tx of
the relay preamble indicates that the relay station 11 transmits
the relay preamble during this segment. The other relay sta-
tions 12 and 13 recerve the relay preamble from the relay
station 11 to establish synchronization with the relay station
11.

A relay map in succession to the relay preamble indicates
a segment through which scheduling information (relay map)
generated by the relay station 11 1s transmitted. The relay map
includes configuration mformation and control information
of segments 1n succession to the relay map. The label Tx of the

relay map indicates that the relay station 11 transmits the
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6

relay map to the relay stations 12 and 13 during this segment.
The relay map 1s transmitted to the relay stations 12 and 13
using all frequencies.

During a segment 1n succession to the relay map, the mul-
ticast data 1s exchanged among the relay stations 11-13 in
accordance with the relay map. The label Tx of the segment 1n
succession to the relay map represents the relay station 11
transmits the multicast data to the relay stations 12 and 13
during this segment. The label Rx indicates that the relay
station 11 recerves the multicast data from the relay stations
12 and 13 through this segment. The multicast data 1s
exchanged among the relay stations 11-13 using all frequen-
Cies.

Reterring to FI1G. 3, the segments in succession to the relay
map include three segments. During a first segment, the mul-
ticast data received by the relay station 11 1s broadcasted to
the relay stations 12 and 13. During a second segment, the
multicast data received by the relay station 12 1s broadcasted
to the relay stations 11 and 13. During a last segment, the
multicast data received by the relay station 13 1s broadcasted
to the relay stations 11 and 12. In FIG. 3, RS represents arelay
station, and MS represents a wireless terminal. In the discus-
s1on that follows, a relay station 1s also simply referred to as
RS, and a wireless terminal 1s also simply referred to as MS.

FIG. 3 illustrates the frame structure in which the relay
stations 11-13 recerve substantially concurrently the multi-
cast data from the wireless terminals 21-24 controlled
thereby. More specifically, in the frame structure, the relay
station 11 serving as a base station receives the multicast data
from the wireless terminals 23 and 24 controlled by the relay
station 11 and receives from the relay stations 12 and 13 a
bandwidth request (made by the relay stations 12 and 13 that
the multicast data be mutually transmitted to the relay stations
11-13 because the relay stations 12 and 13 have received the
multicast data from the wireless terminals 21 and 22 con-
trolled thereby).

I1 the bandwidth request has been made by only the relay
station 12, the relay station 11 generates the relay map such
that the multicast data 1s transmuitted from the relay station 12
to the relay stations 11 and 13. The segment 1n succession to
the relay map includes only the segment throughout which the
multicast data 1s broadcasted from the relay station 12 to the
relay stations 11 and 13. For example, the segment 1n succes-
sion to the relay map includes only the segment
‘RS12—=RS11.13° of FIG. 3.

An access preamble of the access link indicates a segment
during which a signal for the wireless terminals 23 and 24 to
establish synchronization with the relay station 11 1s trans-
mitted. The label Tx of the preamble indicates that the relay
station 11 transmits the preamble during the corresponding
segment. The wireless terminals 23 and 24 controlled by the
relay station 11 establish synchronization with the relay sta-
tion 11 by recerving the preamble.

A downlink (DL)/uplink (UL) map in succession to the
preamble indicates a segment through which scheduling
information for data to be exchanged among the relay station
11 and the wireless terminals 23 and 24 1s transmitted. The
DL/UL map includes configuration information and control
information of a segment 1n succession to the DL/UL map.
Thelabel Tx of the DL/UL map indicates that the relay station
11 transmuits the DL/UL map to the wireless terminals 23 and
24 controlled by the relay station 11 during this segment.

As will be described later, the relay station 11 generates the
DL/UL map that 1s used to broadcast the multicast data to the
wireless terminals 23 and 24 controlled by the relay station 11
in accordance with the relay map generated through the relay

link.
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During downlink segments 1n succession to the DL/UL
map, data 1s transmitted to the wireless terminals 23 and 24
controlled by the relay station 11. The label Tx of the down-
link segment 1n succession to the DL/UL map indicates that
the relay station 11 transmits data to the wireless terminals 23
and 24 during the segment.

Referring to FIG. 3, during the segments 1n succession to
the DL/UL map, the multicast data exchanged among the
relay stations 11-13 through the relay link 1s broadcasted to
the wireless terminals 23 and 24 controlled by the relay sta-
tion 11. For example, during the segment of data D1 of FIG.
3, the relay station 11 broadcasts the multicast data recerved
from the wireless terminals 23 and 24 controlled by the relay
station 11 to the wireless terminals 23 and 24. During the
segment of data D2, the relay station 11 broadcasts to the
wireless terminals 23 and 24 the multicast data that the relay
station 12 has received from the wireless terminal 22 con-
trolled by the relay station 12. During the segment of data D3,
the relay station 11 broadcasts to the wireless terminals 23
and 24 the multicast data that the relay station 13 has recerved
from the wireless terminal 21 controlled by the relay station
13. The multicast data 1s broadcasted using all frequencies.

The uplink indicates a segment during which the relay
station 11 recerves data from the wireless terminals 23 and 24
controlled by the relay station 11 1n accordance with the
DL/UL map. The label Rx of the uplink indicates that the
relay station 11 receives the data from the wireless terminals
23 and 24 during this segment. Referring to FIG. 3, the relay
station 11 receives data from the wireless terminal 23 using
part of the frequency bandwidth.

FI1G. 4 1llustrates a frame structure of a relay station other
than the relay station serving as a base station. Referring to
FIG. 4, the frame structure of the relay station 13 not serving
as a base station 1s 1llustrated. The frame structure of the relay
station 13 includes a relay link and an access link. In FIG. 4,
the horizontal axis represents time, and the vertical axis rep-
resents frequency.

The frame structure illustrated in FIG. 4 1s taken at sub-
stantially the same timing as the frame structure illustrated 1n
FIG. 3. During the relay preamble segment and the relay map
segment 1llustrated 1n FIG. 3, the relay station 13 receives the
relay preamble and the relay map from the relay station 11,
and broadcasts the multicast data to the other relay stations 11
and 12 and receives the multicast data from the other relay
stations 11 and 12 1n accordance with the received relay map.

The relay station 13 performs wireless communications
with the relay stations 11 and 12 through the relay link. The
relay station 13 transmits data to the wireless terminal 21 or
broadcasts the multicast data through the downlink of the
access link. The relay station 13 receives data from the wire-
less terminal 21 through the uplink of the access link.

The relay preamble of the relay link indicates a segment
during which a signal for establishing synchronization among
the relay stations 11-13 1s transmitted. The label Rx of the
relay preamble indicates that the relay station 13 receives the
relay preamble from the relay station 11 during this segment.
The relay station 13 establishes synchronization with the
relay station 11 by recetving the relay preamble.

The relay map 1n succession to the relay preamble indicates
segments through which the relay map generated by the relay
station 11 serving as a base station 1s received. The relay map
includes configuration mformation and control information
of the segments 1n succession to the relay map. The label Rx
of the relay map indicates that the relay station 13 recerves the
relay map from the relay station 11.

During the segments in succession to the relay map, the
multicast data 1s exchanged among the relay stations 11-13 in
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accordance with the relay map. The label Tx of the segment 1n
succession to the relay map represents that the relay station 13
transmits the multicast data to the other relay stations 11 and
12 during this segment. The label Rx of the segment indicates
that the relay station 13 receives the multicast data from the
other relay stations 11 and 12 during this segment.

As 1llustrated 1n FIG. 4, the segments in succession to the
relay map include three segments. During a first segment, the
relay stations 12 and 13 receive the multicast data broadcast
by the relay station 11. During a next segment, the relay
stations 11 and 13 receive the multicast data broadcast by the
relay station 12. During a last segment, the other relay stations
11 and 12 receive the multicast data broadcast by the relay
station 13.

The preamble of the access link indicates a segment during,
which a signal for the wireless terminal 21 controlled by the
relay station 13 to establish synchronization with the relay
station 13 1s transmitted. The label Tx of the preamble 1ndi-
cates that the relay station 13 transmits the preamble during
this segment. The wireless terminal 21 controlled by the relay
station 13 recerves the preamble and establishes synchroni-
zation with the relay station 13.

A DL/UL map 1n succession to the preamble indicates a
segment during which scheduling information for exchang-
ing data between the relay station 13 and the wireless terminal
21 1s transmitted. The DL/UL map includes configuration
information and control information of segments 1n succes-
s10on to the relay map. The label Tx of the DL/UL map indi-
cates that the relay station 13 transmaits the DL/UL map to the
wireless terminal 21 controlled by the relay station 13 during
this segment.

As described 1n detail later, the relay station 13 generates
the DL/UL map to be used to broadcast the multicast data to
the wireless terminal 21 controlled by the relay station 13,
based on the relay map received from the relay station 11
serving as the base station. As illustrated in F1G. 4, the DL/UL
map 1s transmitted to the wireless terminal 21 on a frequency
different from the frequency of the DL/UL map of FIG. 3.

During downlink segments in succession to the DL/UL
map, data 1s transmitted to the wireless terminal 21 controlled
by the relay station 13 1n accordance with the DL/UL map.
The label Tx of the downlink segments in succession to the
DL/UL map represents that the relay station 13 transmits data
to the wireless terminal 21.

As 1llustrated 1 FIG. 4, the multicast data exchanged
among the relay stations 11-13 through the relay link 1s broad-
casted to the wireless terminal 21, controlled by the relay
station 13, during the segments 1n succession to the DL/UL
map. For example during the segment of data D1 of FIG. 4,
the multicast data that the relay station 11 has recerved from
the wireless terminals 23 and 24 controlled by the relay sta-
tion 11 1s broadcasted via the relay station 13 to the wireless
terminal 21 controlled by the relay station 13. During the
segment of data D2, the multicast data that the relay station 12
has received from the wireless terminal 22 controlled by the
relay station 12 1s broadcasted via the relay station 13 to the
wireless terminal 21 controlled by the relay station 13. During
the segment of data D3, the multicast data that the relay
station 13 has received from the wireless terminal 21 con-
trolled by the relay station 13 1s broadcasted via the relay
station 13 to the wireless terminal 21 controlled by the relay
station 13. The multicast data 1s broadcasted using all fre-
quencies, for example.

An uplink indicates a segment during which the relay sta-
tion 13 recerves data from the wireless terminal 21 controlled
thereby 1n accordance with the DL/UL map. The label Rx of

the uplink indicates that the relay station 13 recerves data
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from the wireless terminal 21 controlled by the relay station
13. Referring to FIG. 4, the data 1s recerved from the wireless
terminal 21 using a frequency different from a frequency of
the uplink of FIG. 3.

FIG. 5 illustrates a sequence chart in accordance with
which the relay station receives the multicast data from the
wireless terminal.

Step S1: For multicast communications, the wireless ter-
minals 21-24 1ssue bandwidth requests to the relay stations
11-13 that respectively control the wireless terminals 21-24.
For example, the MS21 1s controlled by the relay station 13
and thus 1ssues a bandwidth request to the relay station 13.
The bandwidth request 1s performed through the uplink of the
access link.

Step S2: The relay stations 11-13 receive the bandwidth
requests from the wireless terminals 21-24. The relay stations
11-13 then generate the DL/UL maps such that the wireless
terminals 21-24 transmit the multicast data to the relay sta-
tions 11-13 through the uplink of the access link.

Step S3: The relay stations 11-13 transmit the generated
DL/UL maps to the wireless terminals 21-24 controlled by
the relay stations 11-13 through the downlink of the access
link.

Step S4: The wireless terminals 21-24 transmait the multi-
cast data respectively to the relay stations 11-13 through the
uplink of the access link 1n accordance with the received
DL/UL maps.

The multicast data of the wireless terminals 21-24 to be
broadcasted are thus recetved by and then stored on the relay
stations 11-13, respectively.

FIG. 6 1s a sequence chart illustrates that the multicast data
1s broadcasted among the relay stations.

Step S11: Upon receiving the multicast data from the wire-
less terminal 22 controlled by the relay station 12, the relay
station 12 1ssues a bandwidth request to the relay station 11
serving as the base station. The relay station 12 1ssues the
bandwidth request in the segment in succession to the relay
map of the relay link.

Step S12: Upon receiving the multicast data from the wire-
less terminal 21 controlled by the relay station 13, the relay
station 13 1ssues a bandwidth request to the relay station 11
serving as the base station.

Even if the relay station 11 recerves the multicast data from
the wireless terminals 23 and 24 controlled by the relay sta-
tion, the relay station 11 1ssues no bandwidth request to any
other relay stations because the relay station 11 serves as the
base station. More specifically, upon receiving the multicast
data from the wireless terminals 23 and 24 controlled by the
relay station 11, the relay station 11 generates the relay map
in the next step.

Step S13: The relay station 11 generates the relay map 1n
response to the bandwidth request from the relay stations 12
and 13. The relay station 11 1 FIG. 6 1s also assumed to
receive the bandwidth request and the multicast data from the
wireless terminals 23 and 24 controlled thereby.

The relay station 11 generates the relay map such that the
multicast data that each of the relay stations 11-13 have
received through the relay link respectively from the wireless
terminals 21-24 1s broadcasted to another of the relay stations
11-13.

As 1llustrated 1n FIG. 3, the relay station 11 generates the
relay map such that the multicast data that the relay station 11
has received from the wireless terminals 23 and 24 1s broad-
casted to the relay stations 12 and 13 in the first segment 1n
succession to the relay map. The relay station 11 also gener-
ates the relay map such that the multicast data that the relay
station 12 has received from the wireless terminal 22 1s broad-
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casted to therelay stations 11 and 13. The relay station 11 also
generates the relay map such that the multicast data that the
relay station 13 has recerved from the wireless terminal 21 1s
broadcasted to the relay stations 11 and 12.

In the sequence chart of FIG. 6, the relay station 11 recerves
the bandwidth requests from the relay stations 12 and 13 and
1s assumed to receive the multicast data from the wireless
terminals 23 and 24 controlled by the relay station 11. If the
relay station 11 recerves the bandwidth request {from only the
relay station 12, the relay station 11 generates the relay map
such that only the relay station 12 broadcasts the multicast
data through the relay link.

Steps S14a and S14b6: The relay station 11 broadcasts the
generated relay map to the relay stations 12 and 13 through
the relay link. For example, the relay station 11 transmaits the
generated relay map during the relay map segment of the
relay link of FIG. 3.

Steps S15a and S15b6: The relay station 11 broadcasts the
multicast data, received from the wireless terminals 23 and 24
and stored on the relay station 11, to the relay stations 12 and
13 1n accordance with the relay map generated by the relay
station 11. The relay stations 12 and 13 recerve the multicast
data, broadcasted by the relay station 11, 1n accordance with
the relay map received from the relay station 11.

Steps S16a and S16b: The relay station 12 broadcasts the
multicast data, received from the wireless terminal 22 and
stored on the relay station 12, to the relay stations 11 and 13
in accordance with the relay map received from the relay
station 11. The relay station 11 and the relay station 13 receive
the multicast data broadcasted.

Steps S17a and S17b: The relay station 13 broadcasts the
multicast data, received from the wireless terminal 21 and
stored on the relay station 13, to the relay stations 11 and 12
in accordance with the relay map recerved from the relay
station 11. Therelay station 11 and the relay station 12 receive
the multicast data broadcasted by the relay station 13 in
accordance with the relay map generated by the relay station
11.

One of the relay stations 11-13 may thus share (store) each
other’s multicast data through mutual communications
among the relay stations 11-13.

FIG. 7 1s a sequence chart 1llustrates that the multicast data
1s broadcasted from the relay station to the wireless terminals.
As 1llustrated in FIG. 7, the operation of the wireless terminal
24 1s omuitted.

Step S21: Upon recerving the bandwidth request from the
relay stations 12 and 13, the relay station 11 generates the
relay map. Step S21 corresponds to step S13 of FIG. 6.

Steps S22a and S22b: The relay station 11 broadcasts the
generated relay map to the other relay stations 12 and 13
through the relay link. Steps S22a and S22b6 respectively
correspond to steps S14a and S14b.

Steps S23a-523c¢: In step S23aq, the relay station 11 gener-
ates a DL/UL map 1n accordance with the relay map gener-
ated by the relay station 11. In step S23b, the relay station 12
generates a DL/UL map 1n accordance with the relay map
received from the relay station 11. In step S23c¢, the relay
station 13 generates a DL/UL map 1n accordance with the
relay map received from the relay station 11. Process steps
corresponding to steps S15a, S15b, S16a, S16b6, S17a, and
S17H of FIG. 6 are not illustrated between steps S22a and
S22b and steps S23a-5S23¢ of FIG. 7.

The relay stations 11-13 generate the DL/UL maps 1n
response to the relay maps such that each of the relay stations
11-13 broadcasts the multicast data, recerved from another of
the relay stations 11-13, on the same frequency and at sub-
stantially the same timing (in synchronization with the relay
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stations 11-13). For example, the relay stations 11-13 gener-
ate the DL/UL maps such that the multicast data that the relay
station 11 has received from the wireless terminals 23 and 24
1s broadcasted on the same frequency and at substantially the
same timing. The relay stations 11-13 generate the DL/UL
maps such that the multicast data that the relay station 12 has
received from the wireless terminal 22 1s broadcasted on the
same frequency and at the same timing. The relay stations
11-13 generate the DL/UL maps such that the multicast data
that the relay station 13 has received from the wireless termi-
nal 21 1s broadcasted on the same frequency and at substan-
tially the same timing. The relay stations 11-13 share the same
relay map. In accordance with the relay map, the relay sta-
tions 11-13 generate the DL/UL maps such that the multicast
data of the relay stations 11-13 1s broadcasted on the same
frequency and at substantially the same timing 1n a specific
order.

Steps S24a-S24¢: The relay stations 11-13 transmit the
generated DL/UL maps to the wireless terminals 21-24
respectively controlled by the relay stations 11-13 on ditfer-
ent frequencies and at substantially the same timing. The
wireless terminals 21-24 recewve the DL/UL maps broad-
casted by the relay stations 11-13, respectively.

Steps S25a-525¢: In accordance with the DL/UL maps, the
relay stations 11-13 broadcast the multicast data received by
the relay station 11 to the wireless terminals 21-24 respec-
tively controlled by the relay stations 11-13. The relay sta-
tions 11-13 broadcast the multicast data, received by the relay
station 11, on the same frequency and at substantially the
same timing. In accordance with the DL/UL maps recerved in
steps S24a-S24¢, the wireless terminals 21-24 receive the
multicast data broadcasted by the relay stations 11-13,
respectively.

Steps S26a-526¢: In accordance with the DL/UL maps, the
relay stations 11-13 broadcast the multicast data recerved by
the relay station 12 to the wireless terminals 21-24 respec-
tively controlled by the relay stations 11-13. The relay sta-
tions 11-13 broadcast the multicast data received by the relay
station 12 on the same frequency and at substantially the same
timing. In accordance with the DL/UL maps received 1n steps
S24a-S24c¢, the wireless terminals 21-24 receive the multicast
data broadcasted by the relay stations 11-13, respectively.

Steps S27a-S27c¢: In accordance with the DL/UL maps, the
relay stations 11-13 broadcast the multicast data recerved by
the relay station 13 to the wireless terminals 21-24 respec-
tively controlled by the relay stations 11-13. The relay sta-
tions 11-13 broadcast the multicast data received by the relay
station 13 on the same frequency and at the same timing. In
accordance with the DL/UL maps received 1n steps S24a-
S24c, the wireless terminals 21-24 receive the multicast data
broadcasted by the relay stations 11-13, respectively.

The wireless terminals 21-24 receive the multicast data on
the same frequency and at the same timing 1n this way.

FIG. 8 illustrates how the DL/UL map 1s generated. Relay
map IEs 1-3 illustrated 1n FI1G. 8 include position information
and transmission control information of data D11-D13 and
identifiers (IDs) of the relay stations 11-13, which are used by
the relay stations 11-13 to exchange the multicast data.

The relay map IE1 includes the position information and
transmission control information of the data D11, and the ID
of the relay station 11 that broadcasts the multicast data in a
segment of the data D11. The relay map IE2 includes the
position information and transmission control information of
the data D12, and the ID of the relay station 12 that broadcasts
the multicast data 1n a segment of the dataD12. The relay map
IE3 includes the position information and transmission con-

10

15

20

25

30

35

40

45

50

55

60

65

12

trol information of the data D13, and the ID of the relay
station 13 that broadcasts the multicast data 1n a segment of
the data D13.

DL/UL map IEs 11-13 include position information and
transmission control information of data D21-D23 in accor-
dance with which the relay stations 11-13 broadcast the mul-
ticast data to the wireless terminals 21-24 and the wireless

terminals 21-24 receive the multicast data. The DL/UL maps
IE11-1E13 also includes the IDs of the wireless terminals
21-24.

The DL/UL map IEs 11-13 are generated based on the relay
maps IE1-IE3. For example, the relay stations 11-13 copy the
position information and the transmission control imforma-
tion of the relay map IE1, as 1s, onto the DL/UL map IE11
such that the multicast data, broadcast 1n the segment of data
D11, 1s broadcasted 1n the segment of data D21. The relay
stations 11-13 copy the position information and the trans-
mission control information of the relay map I1E2, as 1s, onto
the DL/UL map IE12 such that the multicast data, broadcast
in the segment of data D12, 1s broadcasted 1n the segment of
data D22. The relay stations 11-13 copy the position infor-
mation and the transmission control information of the relay
map IE3, as 1s, onto the DL/UL map IE13 such that the
multicast data, broadcast in the segment of data D13, 1s broad-
casted 1n the segment of data D23,

The order and size of the data D21-D23 through the access
link are substantially identical to those of the data D11-D13
through the relay link. The multicast data broadcasted from
one of the relay stations 11-13 to another of the relay stations
11-13 1n the segment of data D11 1s broadcasted to the wire-
less terminals 21-24 1n synchronization with the other of the
relay stations 11-13 1n the data D21 of the access link. The
multicast data broadcast from one of the relay stations 11-13
to another of the relay stations 11-13 1n the segment of data
D12 1s broadcast to the wireless terminals 21-24 in synchro-
nization with the other of the relay stations 11-13 1n the data
D22 of the access link. The multicast data broadcast {from one
of the relay stations 11-13 to another of the relay stations
11-13 1n the segment of data D13 1s broadcast to the wireless
terminals 21-24 1in synchronization with the other of the relay
stations 11-13 1in the data D23 of the access link.

FIG. 9 1llustrates a general frame tflow 1n the relay stations
and the wireless terminals. Referring to FIG. 9, the frame flow
of the relay stations 11-13 and the wireless terminals 21, 22,
and 24 1s illustrated. In FI1G. 9, the vertical line represents
frequency of each of the relay stations 11-13 and the wireless
terminals 21, 22, and 24 and the horizontal line represents
time. A process step for the bandwidth request for each of the
relay stations 11-13 and the wireless terminals 21, 22, and 24
1s omitted. Labels Tx and Rx respectively represent transmis-
s1on and reception of a frame.

Referring to FIG. 9, the wireless terminals 21, 22, and 24
respectively transmit the multicast data to the relay stations
11-13 on different frequencies and at substantially the same
timing through the uplink of the access link.

The relay stations 11-13 establish relay synchronization by
using therelay preamble (labeled R-Pre in FIG. 9) transmitted
from the relay station 11. The relay station 11 generates a
relay map (labeled R-Map 1n FIG. 9) and transmuits the relay
map to the relay stations 12 and 13.

The relay station 11 broadcasts the multicast data received
from the wireless terminal 24 to the relay stations 12 and 13
in accordance with the relay map generated by the relay
station 11. The relay station 12 broadcasts the multicast data
received from the wireless terminal 22 to the relay stations 11
and 13 in accordance with the relay map received from the
relay station 11. The relay station 13 broadcasts the multicast
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data recerved from the wireless terminal 21 to the other relay
stations 11 and 12 1n accordance with the relay map received
from the relay station 11.

The relay stations 11-13 transmit the preamble (labeled Pre
in FI1G. 9) to establish access link synchronization. The relay
stations 11-13 generate the DL/UL maps (labeled DM 1n FIG.
9) 11 accordance with the relay map generated by the relay
station 11. The relay stations 11-13 broadcast the DL/UL
maps respectively to the wireless terminals 21, 22, and 24 on
different frequencies and at the same timing.

In accordance with the generated DL/UL maps, the relay

stations 11-13 broadcast the multicast data of the wireless
terminals 21, 22, and 24. As illustrated 1n FIG. 9, the relay
stations 11-13 broadcast the multicast data of the wireless
terminal 24 on the same frequency and at substantially the
same timing during a first segment in succession to the
DL/UL map. The relay stations 11-13 broadcast the multicast
data of the wireless terminal 22 on the same frequency and at
substantially the same timing during a next segment. The
relay stations 11-13 broadcast the multicast data of the wire-
less terminal 21 on the same frequency and at substantially
the same timing during a next segment. The wireless termi-
nals 21, 22, and 24 recerve the multicast data broadcast by the
relay stations 11-13 in accordance with the DL/UL maps
received from the relay stations 11-13, respectively.

As 1llustrated 1n the relay link in FIG. 9, the relay maps are
generated such that the multicast data 1s transmitted in the
order of the wireless terminals 24, 22, and 21. In accordance
with the relay maps, the relay stations 11-13 generate the
DL/UL maps such that the multicast data i1s broadcasted
through the access link 1n the order of the wireless terminals
24,22, and 21.

FIG. 10 1s a block diagram of the relay station 11 of the
second embodiment. As illustrated in FIG. 10, the relay sta-
tion 11 includes scheduler 31, storage 32, control data extrac-
tor 33, buffer 34, PDU (protocol data unit) generator 35,
controller 36, transmission processor 37, reception processor
38, and duplexer 39. The relay stations 12 and 13 are substan-
tially 1dentical 1n block diagram to the relay station 11.

The scheduler 31 generates a relay map 1n response to a
bandwidth request from the other relay stations 12 and 13
extracted by the control data extractor 33. The scheduler 31
generates the relay map when the multicast data transmitted
from the controlled wireless terminals 23 and 24 1s stored on
the buller 34. The scheduler 31 stores the relay map on the
storage 32 to generate a DL/UL map.

The scheduler 31 generates the DL/UL map of the data
exchange between the relay station 11 and the wireless ter-
minals 23 and 24 controlled by the relay station 11. The
scheduler 31 generates here a UL map of the DL/UL map 1n
response to bandwidth requests of the multicast data from the
wireless terminals 23 and 24. The scheduler 31 then generates
a DL map of the DL/UL map 1n accordance with the relay
map stored on the storage 32.

The control data extractor 33 extracts, from reception data,
control data such as the bandwidth requests transmitted from
the relay stations 12 and 13, and outputs the extracted control
data to the scheduler 31. The control data extractor 33 also
extracts, from the reception data, data such as the multicast
data transmitted from the wireless terminals 23 and 24 con-
trolled by therelay station 11 and outputs the extracted data to
the buiier 34.

The buffer 34 temporanly stores the multicast data
received from the wireless terminal 23 and the wireless ter-
minal 24 controlled by therelay station 11, and the otherrelay
stations 12 and 13.
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The PDU generator 335 reads the multicast data from the
buifer 34 1 accordance with the relay map and the DL/UL
map generated by the scheduler 31, and generates a PDU.

The controller 36 controls the transmission processor 37
and the reception processor 38. Through the relay link, the
controller 36 controls the transmission processor 37 and the
reception processor 38 in accordance with the relay map
generated by the scheduler 31 such that the relay station 11
communicates with the relay stations 12 and 13. Through the
access link, the controller 36 controls the transmission pro-
cessor 37 and the reception processor 38 such that the relay
station 11 communicates with the wireless terminals 23 and
24 1n accordance with the DL/UL map.

The transmission processor 37 includes encoder 37a,
modulator 375, and transmaitter 37¢. The encoder 37a encodes
transmission data (PDU data). The modulator 375 modulates
the encoded transmission data. The transmitter 37¢ performs
a Irequency conversion operation, an amplification operation,
etc. on the modulated transmission data.

Thereception processor 38 includes recerver 38a, demodu-
lator 385, and decoder 38c. The receiwver 38a performs a
frequency conversion operation, an amplification operation,
etc. on reception data. The demodulator 385 demodulates the
reception data. The decoder 38¢ decodes the demodulated
reception data.

The duplexer 39 outputs the transmission data output from
the transmission processor 37 to an antenna, and outputs the
reception data recerved by the antenna to the reception pro-
cessor 38.

The scheduler in each of the relay stations 12 and 13
generates a DL map 1n accordance with the relay map trans-
mitted by the relay station 11 serving as a base station.

In each of the relay stations 12 and 13, the control data
extractor extracts from the reception data the multicast data
transmitted by the wireless terminals 21 and 22 respectively
controlled by the relay stations 13 and 12, and then output the
extracted reception data to the buifer. In each of the relay
stations 12 and 13, the scheduler 1ssues a bandwidth request
to the relay station 11 serving as a base station when the
multicast data 1s stored on the buffer. In accordance with the
relay map transmitted from the relay station 11, the builer
broadcasts the multicast data of the wireless terminals 21 and
22 stored on the builer 34 to another of the relay stations
11-13.

In this way, the relay stations 11-13 exchange the multicast
data recerved from the wireless terminals 21-24 controlled
thereby through the relay link, and broadcast the mutually
exchanged multicast data to the wireless terminals 21-24
controlled thereby through the access link. The relay stations
11-13 i1s thus free from transmitting to the relay station 11
serving as the base station the multicast data received from
the wireless terminals 21-24 controlled respectively by the
relay stations 11-13 and receirving substantially the same
multicast data from the relay station 11 serving as the base
station. Each of the relay stations 11-13 simply transmits the
multicast data recerved from the wireless terminals 21-24
controlled thereby to another of the relay stations 11-13.
Wireless resources are thus effectively used.

A third embodiment 1s described 1n detail below with ret-
erence to the drawings. In the second embodiment, the same
frequency 1s used 1n the relay link and the access link. In
accordance with the third embodiment, different (center) fre-
quencies are used in the relay link and the access link.

FIG. 11 illustrates a frame structure of a relay station
serving a base station in accordance with the third embodi-
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ment. The frame structure 1n FI1G. 11 1s the frame structure of
the relay station 11 serving as the base station 1illustrated in

FIG. 2.

Referring to FIG. 11, two center frequencies 11 and 12 are
used for the frame of the relay station 11 serving as the base
station. The center frequency 11 1s used for the relay link, and

the center frequency 12 1s used for the access link.

As 1llustrated 1n FIG. 11, the preamble of the relay link 1s
synchronized with the preamble of the access link. In other
words, data exchange 1s performed at substantially the same
timing in the relay link and the access link.

An operation of the relay station 11 through the relay link
and the access link 1s substantially identical to the operation
illustrated 1n FIG. 3 except that the operation timings are
synchronized. The timing of generating the DL/UL map 1n
accordance with the relay map 1s aligned with an access link
at a next timing relay link subsequent to the relay link through
which the relay map has been transmitted. For example, the
relay station 11 generates a DL/UL map on the right-hand
side 1n FIG. 11 1n accordance with a relay map on the left-
hand side in FIG. 11.

FI1G. 12 1llustrates a frame structure of a relay station other
than the relay station serving a base station. The frame struc-
ture of FIG. 12 1s the frame structure of the relay station 13 not
serving as a base station.

Referring to FIG. 12, two center frequencies 11 and 12 are
used for the frame of the relay station 13. The center fre-
quency 11 1s used for the relay link and the center frequency 12
1s used for the access link.

Referring to FIG. 12, the preamble of the relay link 1s
synchronized with the preamble of the access link. Data
exchange 1s performed at substantially the same timing in the
relay link and the access link.

An operation of the relay station 13 through the relay link
and the access link 1s identical to the operation 1llustrated 1n
FIG. 4 except that the operation timings are synchronized.
The timing of generating the DL/UL map 1n accordance with
the relay map 1s aligned with an access link at a next timing,
relay link subsequent to the relay link through which the relay
map has been transmitted. For example, the relay station 13
generates a DL/UL map on the rnight-hand side 1in FIG. 12 1n
accordance with a relay map on the left-hand side 1n FIG. 12.

FIG. 13 1s a block diagram of the relay station 11 of the
third embodiment. As illustrated 1n FIG. 13, the relay station
11 includes scheduler 41, storage 42, control data extractor
43, builer 44, PDU generator 45, controllers 46a and 465,
relay link transmission processor 47, relay link reception
processor 48, access link reception processor 49, access link
transmission processor 30, and duplexers 51a and 515. The
relay stations 12 and 13 are substantially 1dentical 1n block
diagram to the relay station 11.

As 1llustrated 1n FIG. 13, the relay station 11 includes two
antennas, one for relay link communications, and the other
for access link communications. A communication processor
and a reception processor are arranged for each of the anten-
nas (for the relay link and the access link). The relay station 11
includes the relay link transmission processor 47, the relay
link reception processor 48, the access link reception proces-
sor 49 and the access link transmission processor 50. The
relay link transmission processor 47, the relay link reception
processor 48, the access link reception processor 49, and the
access link transmission processor 30 are respectively sub-
stantially 1dentical to the transmission processor 37 and the
reception processor 38 discussed with reference to FIG. 10. A
controller 1s arranged for each of the antennas. The relay
station 11 includes the controller 46a and the controller 465.
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The scheduler 41, the storage 42, the control data extractor
43, the butfer 44, and the PDU generator 45 are shared by the
relay link and the access link. The process contents of these
clements are respectively substantially 1dentical to those of
the scheduler 31, the storage 32, the control data extractor 33,
the butler 34, and the PDU generator 35.

The scheduler 41 controls the controller 46a to perform a
relay link process, and controls the controller 465 to perform
an access link process. The scheduler 41 performs a schedul-
ing process such that the frame of the relay link and the frame
of the access link are generated on different frequencies and at
substantially the same timing. More specifically, the sched-
uler 41 generates a relay map such that the multicast data 1s
exchanged among the relay stations 11-13 on the center fre-
quency 11. The scheduler 41 also generates a second map such
that the multicast data 1s broadcast to the wireless terminals
23 and 24 on the center frequency 12.

The relay stations 11-13 exchange the multicast data
received from the wireless terminals 21-24 controlled by the
relay stations through the relay link, and broadcast the mutu-
ally exchanged multicast data to the wireless terminals 21-24
controlled by the relay stations through the access link of
another frequency. In this way, the relay stations 11-13 are
free from transmitting the data received from the wireless
terminals 21-24 to the relay station 11 serving as a base
station and receiving substantially the same data from the
relay station 11. The relay stations 11-13 simply receive the
data from the wireless terminals 21 and 22. Wireless
resources are thus etfectively used.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the principles of the mvention and the concepts
contributed by the inventor to furthering the art, and are to be
construed as being without limitation to such specifically
recited examples and conditions, nor does the organization of
such examples 1n the specification relate to a showing of the
superiority and inferiority of the invention. Although the
embodiment(s) of the present invention(s) has (have) been
described 1n detail, 1t should be understood that the various
changes, substitutions, and alterations could be made hereto
without departing from the spirit and scope of the invention.

What 1s claimed 1s:

1. A relay station 1n a wireless communication system that
includes a plurality of relay stations and a plurality of termi-
nals, the plurality of relay stations including the relay station
and at least one other relay station, each of the plurality of
terminals being controlled by one of the plurality of relay
stations respectively, the relay station comprising:

a recerver configured to recerve a request from a receiving,
relay station among the at least one other relay station,
the recerving relay station recerving multicast data for
transmission to other terminals from a first terminal in
the plurality of terminals without the multicast data
being received by any of the plurality of relay stations
other than the receiving relay station;

a transmitter configured to transmit first control informa-
tion to each of the at least one other relay station 1n
accordance with the request, the first control informa-
tion 1indicating that a first wireless signal 1s to be broad-
casted from the receiving relay station to each of the
plurality of relay stations other than the recerving relay
station without the first wireless signal being further
transmitted by any of the plurality of relay stations other
than the recerving relay station during a first period, the
first wireless signal including the multicast data,
wherein the transmitter 1s further configured to transmit
second control information to the other terminals of the
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plurality of terminals, the other terminals being con-
trolled by the relay station, wherein:

the second control information controls transmission of a

second wireless signal from the relay station to the other
terminals during a second period, and

the second wireless signal includes the multicast data that

1s included 1n the first wireless signal recerved during the
first period.

2. The relay station according to claim 1, wherein the
control information 1s generated by the relay station.

3. The relay station according to claim 1, wherein the
second control information 1s generated such that the plural-
ity of terminals receive the data using a same radio resource.

4. The relay station according to claim 1, wherein the
second control information 1s generated by the relay station 1n
accordance with the first control information, and wherein the
second control information indicates size and order of the
data.

5. The relay station according to claim 1, wherein the first
wireless signal and the second wireless signal are transmitted
within a radio frame.

6. The relay station according to claim 1, wherein the first
control information 1s needed for recerving the multicast data
included 1n the first wireless signal, and second control infor-
mation 1s needed for the other terminals to recerve the multi-
cast data included 1n the second wireless signal.

7. The relay station according to claim 1, wherein the first
control information comprises a first map, and second control
information comprises a second map.

8. The relay station according to claim 7, wherein the
second map 1s generated by copying the first map.

9. The relay station according to claim 1, wherein the first
control information 1s transmitted on a first frequency, and
second control imnformation is transmitted on a second fre-
quency.

10. The relay station according to claim 9, wherein the first
frequency and the second frequency are diflerent frequencies.

11. The relay station according to claim 1, wherein the
multicast data 1s not aggregated with other multicast data at
the relay station for sharing among the plurality of relay
stations, the other multicast data being transmitted from
another terminal that 1s controlled by another receiving relay
station 1n the plurality of relay stations.

12. The relay station according to claim 1, wherein the
multicast data 1s multicast to each of the other terminals via at
most two of the plurality of relay stations.

13. The relay station of claim 1, wherein the request com-
prises at least one of a bandwidth request and a radio resource
request.

14. A relay station in a wireless communication system
including a plurality of relay stations and a plurality of ter-
minals, the plurality of relay stations including the relay
station, a first relay station, and at least one other relay station,
cach of the plurality of terminals being controlled by one of
the plurality of relay stations respectively, the relay station
comprising:

a recerver configured to:

receive first control information from the first relay sta-
tion, the first control information indicating that a first
wireless signal 1s to be broadcasted from a receiving
relay station to each of the plurality of relay stations
other than the receiving relay station without the first
wireless signal being further transmitted by any of the
plurality of relay stations other than the receiving
relay station during a first period, the receiving relay
station being one of the other relay stations which
recerves multicast data for transmaission to other ter-
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minals from a first terminal in the plurality of termi-
nals without the multicast data being received by any
of the plurality of relay stations other than the recerv-
ing relay station, the first wireless signal including the
multicast data, and

recerve the first wireless signal from the receiving relay

station during the first period; and

a transmitter coupled to the recerver, wherein the transmit-

ter 1s configured to transmit second control information
to terminals controlled by the relay station, wherein the
second control information controls transmission of a
second wireless signal from the relay station to the ter-
minals controlled by the relay station during a second
period, and wherein the second wireless signal includes
the multicast data that 1s included in the first wireless
signal received by the relay station during the first
period.

15. The relay station according to claim 14, wherein the
second control information 1s generated such that the termi-
nals controlled by the relay station receive the data using a
same radio resource.

16. The relay station according to claim 14, wherein the
second control information 1s generated by the relay station 1n
accordance with the first control information, and wherein the
second control information indicates a size and an order of the
multicast data.

17. The relay station according to claim 16, wherein an
order and a size of the multicast data included in the first
wireless signal 1s correspond, respectively, to an order and a
size of the multicast data included in the second wireless
signal.

18. The relay station according to claim 14, wherein the
first control information 1s generated by the first relay station.

19. A relay station 1n a wireless communication system that
includes a plurality of relay stations and a plurality of termi-
nals, the plurality of relay stations including the relay station,
a first relay station, and at least one other relay station, each of
the plurality of terminals being controlled by one of the plu-
rality of relay stations respectively, the relay station compris-
ng:

a transmitter configured to transmit a request to the first

relay station;

a recerver configured to:

rece1ve first control information, the first control infor-
mation transmitted from the first relay station 1n
accordance with the request and indicating that a first
wireless signal 1s to be broadcasted from a receiving
relay station to each of the plurality of relay stations
other than the recerving relay station without the first
wireless signal being further transmitted by any of the
plurality of relay stations other than the receiving
relay station during a first period, the first wireless
signal including multicast data received by a receiv-
ing relay station from a first terminal of the plurality of
terminals for transmission to other terminals of the
plurality of terminals without the multicast data being,
received by any of the plurality of relay stations other
than the recetving relay station during a first period,
and

receive multicast data from the receiving relay station
during the first period,

wherein the transmitter 1s further configured to transmait

second control information to terminals controlled by
the relay station, wherein the second control information
controls transmission of a second wireless signal from
the relay station to the terminals controlled by the relay
station during a second period, and wherein the second
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wireless signal includes the multicast data that 1is
included 1n the first wireless signal received by the relay
station during the first period.
20. The relay station according to claim 19, wherein the
first control information 1s generated by the first relay station. 5
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